may exist. It did not appear to relate especially to those with bronchitic symptoms.
The ventilation (VE) on exercise is a little higher than expected, but in the presence of a normal transfer factor this can probably be ascribed to the subjects' inexperience with the test. Other lung function parameters are well within normal limits and give no evidence that functions besides the ventilatory one are likely to be affected in this group.
Conclusions
(1) There was a high attack rate of chronic bronchitis as defined by the MRC classification both in those acutely exposed to a high concentration of TDI and those repeatedly exposed to a low one.
(2) There is no evidence that lung function other than ventilatory capacity was being affected over the long term, although confirmation by prospective studies is needed.
(3) Neurological symptoms including euphoria and ataxia occurred acutely in a few men and difficulty in concentration and a memory defect persisted in 14.
Dr W G F Adams (ICI Hillhouse Works, Thornton Cleveleys,
Lancashire)
Lung Function of Men Engaged on the Manufacture of Tolylene Diisocyanate (TDI) An investigation into the lung function of men engaged in the manufacture of TDI was undertaken because of recently published work by Peters in which he stated that the lung function of men handling TDI in good conditions was lower on Friday than the previous Monday. He also demonstrated cumulative diminution in lung function over a period of six months. demonstrated this lowering in lung function in TDI workets ovet a week, although Williamson (1965) did not corroborate this in a similar investigation. Unfortunately the concentration of TDI was not known in either of these investigations.
The present investigation took place in a works housing two TDI manufacturing plants and involved a total of 175 process and maintenance men whose duration of employment ranged from two to eight years (average 35 months).
Spirometry was done with a Garthur vitalograph, annual readings being started in 1964 and continued until the present date. An attempt was made to avoid seasonal or diurnal variations by taking the readings of each individual at the same time of year and always between 2 and 3 p.m. on a Tuesday afternoon.
The plants are frequently monitored throughout the 24 hours for TDI in atmosphere, and it is uncommon for TDI above the TLV (002 ppm) to be detected, any exposure rising from spillages, contaminated clothing, &c.
The statisticians advised that, until the figures for a control group were available, the most meaningful variables to expiess would be: (1) Actual FEV1 minus piedicted FEV1. (2) Actual FVC minus predicted FVC. The predicted values were obtained from a nomogram devised by Kory et al. (1961) . The actual lung function readings were found by taking the average of two attempts on the vitalograph.
Results
It was found that new employees had, on average, a FEV1 327 ml lower than the predicted value and a FVC 196 ml lower than predicted. The statistical method used was that of regression analysis.
The average annual deterioration in plant men was found to be: FEV1 31 ml, FVC 51 ml. As, using this method, the average annual deterioration should be zero, these figures appear to be significant. It was therefore decided to examine 37 laboratory workers, as samples of TDI are examined iegularly in the laboratory. Once again, the actual readings of both FEV1 and FVC were lower than predicted in new employees with no possible exposure, the FEV1 being 247 ml and the FVC 71 ml lower than predicted. The average annual deterioration in the FEV1 was not significant, but that of the FVC was 62 ml.
The figures for both groups indicate a definite trend towards cumulative diminution of lung function; an initial, brief examination was therefore undertaken of individual readings. Of the 114 men who had sufficient readings to give significant results, 5 showed deterioration in FEV1 and FVC, 3 showed deterioration in FEVL only and 8 in FVC only. These figures are significant at the 5 % level.
Conclusions
This interim report shows that in men engaged in the manufacture of TDI, under good conditions, the annual average rate of deterioration of both FEV1 and FVC appears to be significantly greater than predicted and suggests a cumulative effect.
The validity of these conclusions is, however, dependent on the validity of the predicted values. As stated, these predicted values were obtained from a North American survey and it is doubtful if they would apply to the north-west of England.
The dangers of using predicted values from a different area are demonstrated by Lowe et al. (1968) , who showed that the values at Ebbw Vale were 5 % lower than those taken at Port Talbot, only thirty miles away.
The next step in this investigation is to obtain a direct comparison of lung function in men working on a nearby non-TDI plant. The major problem in the investigation of the effects of human exposure to TDI is to separate its irritant properties from its potentially sensitizing properties. Evidence for the immunogenicity of TDI in man is almost entirely derived from clinical observation that sensitized individuals may respond in an asthmatic manner to concentrations of TDI which do not produce symptoms in nonsensitized individuals (Swenson et al. 1955 , Woodbury 1956 ). In a situation in which a suspect sensitizer may also produce symptoms of primary irritation it is important to demonstrate immunogenicity in as objective a manner as possible. Bronchial challenge with TDI in man has only rarely been carried out and is potentially dangerous and difficult to control because of the very ready breakdown of TDI which makes dosage uncontrollable. Laboratory evidence of sensitization in man is limited to the demonstration of lymphocyte transformation in sensitized individuals induced by TDI-conjugated proteins (Bruckner et al. 1968 ).
Dr Geoffrey Taylor
In animals there is good evidence that the administration by injection of TDI-protein conjugates results in a circulating antibody response directed against the hydrolysed TDI determinant (Scheel et al. 1964 ). In addition these workers showed a circulating antibody response in rabbits to prolonged inhalation of TDI vapour. The present work was undertaken in an attempt to detect circulating antibodies to TDI in individuals apparently sensitized to the compound.
Methods
Specimens of serum were obtained from 55 subjects all with symptoms suggestive of TDI sensitivity. They had suffered asthma-like symptoms after periods of exposure to TDI varying from hours to 16 years. Theie was considerable variation in the time interval between last exposure to TDI and the time at which the serum sample was obtained. This time interval was between zero (i.e. still exposed) and 5i years. As a control, serum was taken from 40 cotton textile workers who almost certainly had not been exposed to TDI. Three methods were used to detect antibody:
(1) A complement-fixation method (Fulton & Dumbell 1949) (CFT): As antigen bovine serum albumin lightly conjugated with tolylene 2:4 diisocyanate (molar ratio 1:2) was used. The method of conjugation was modified from that of Scheel et al. (1964) . As control antigen unconjugated bovine serum albumin was used. Serum samples were tested at a dilution of 1 in 5 and three antigen concentrations were used.
(2) A red cell linked antiglobulin technique (RCLAT): A subagglutinating dose of a mixture of the 2:4 and 2:6 isomers of TDI was added with rapid mixing to a large volume of 2% sheep erythrocytes suspended in isotonic phosphate buffered saline (pH 7-4). After incubation at 4°C for 30 minutes the cells were washed three times. 'Sensitized cells' were now incubated with serum samples for 30 minutes at 37°C, washed four times in phosphate-buffered saline and then tested for the attachment of immunoglobulin to the cell surface by the addition of a rabbit antihuman globulin reagent. All sera were absorbed at 37°C and 4°C with large volumes of sheep cells before use and controls using unsensitized cells were set up with each sexum.
(3) A modified passive cutaneous anaphylaxis test in cynomologous monkey skin (PCA): Intradermal injections of serum (0-1 ml) were made into the abdominal skin cf cynomologous monkeys. After 48 hours a monkey was given an intravenous dose of 2% Evans blue sufficient to
